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Nanosized (10~50 nm) cathode material LioaMnO3s was prepared for with MnSO4‘H20, KMnO4 and Li-
OH aqueous solution as the precursor via single-step hydrothermal reaction by controlling the reaction
time, proportion of processor, and the reagent concentration. The prepared materials were well crystallized
and exhibited a monoclinic LisMnOs structure with a space group of C2/m phase. The electrochemical per-
formance of the material was tested at current density of 60 mAg-! (1/4 C) between 4.3V and 2.0 V at room
temperature, showing good electrochemical properties with the initial discharge capacity of 243 mAh g1,
because it was more exposed to the electrolyte due to its nanostructure.
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1. INTRODUCTION

Recently, as the electrochemical performances of
electrode materials are greatly affected by the dimen-
sionality and morphology of the material [1],
nanostructured electrode materials have attracted
great interest, and considerable effort has been paid to
fabricate nanostructured Li—-Mn—O electrode materials.
Lithiated manganese oxides like the spinel-structured
LiMn204 and orthorhombic or mono-clinic structured
LiMnOg, are widely studied and can be used as positive
electrodes in lithium batteries [2]. As promising candi-
dates for cathode materials, LiMn204 and LiMnO2 have
the advantages of low cost, abundance and nontoxicity
[3]. However, LiMnOz2 tends to transform into a spinel
structure during the lithium insertion/extraction pro-
cess due to cation migration [4]. On the other hand,
LiMn204 suffers from capacity fading due to manga-
nese dissolution [5] and the Jahn—Teller distortion [6,
7].

The structures of the lithium-rich layered materials
are basically derived from the layered rock-salt a-

NaFeO:2 type structure with space group R3m  Addi-
tional Li ions occupy the transition metal (TM) layers,
which results in an additional superstructure with the
honeycomb Li/Mn ordering in the end member com-
pound LisMnOs (alternatively described as Li [Lius
Mn2;3]O2 in the layered notation). Layer-structured
Li2MnOs is thermodynamically stable.

Self-seeding, surfactant-directed hydrothermal, sol—
gel, and solid reaction methods were employed to syn-
thesize Li-Mn-O nanostructures [8, 9, 10]. Within these,
Wang et al. [10] synthesized single-crystalline LiaMnOs
nanorods via a low-temperature molten salt synthetic
route while no electrochemical performance was tested.
Oxygen-deficient LiaMnOsx (0 < x < 0.19) was synthe-
sized from lithium-rich manganese oxide, LizMnOs,
using metal hydrides (CaH: and LiH) as reducing
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agents at reaction temperatures of 255-265°C [11].
However, these methods suffered from either high tem-
perature heat treatment or use of expensive reagents,
and process complexity.

In this article, we obtained well-crystallized
LisMnOs nanoparticles by controlling the hydrothermal
reaction time, proportion of processor, and the reagent
concentration. The prepared materials delivered a high
electrochemical reversible capacity charged/discharged
between 2.0-4.3V.

2. EXPERIMENTAL

2.1 Preparation and characterization of

Li2MnOs3

MnSO4 and KMnOg4at a molar ratio of 4:1 were dis-
solved in distilled water. The concentration of MnSO4
was 0.01 M, and excess LiOH was added into the mixed
solution, with the LiOH concentration of 0.32M. A
brown suspension was immediately formed as soon as
the LiOH was poured into the MnSO4/KMnO4 solution.
The mixed solution was then transferred to a Teflon-
lined stainless steel autoclave for the hydrothermal
reaction at 200°C for 32 hours. Then, the obtained pre-
cipitate washed thoroughly with distilled water and
dried at 60°C in air.

X-ray powder diffraction (XRD) measurement was
carried out using a Cu Ka radiation of Rigaku Rint2200
diffractormeter. Morphology of the prepared powder was
observed by a Hitachi H-8100 TEM (200 kV).

2.2 Electrochemical measurements

The working electrodes was prepared by compress-
ing a mixture of active materials, acetylene black, and
binder (polytetrafluoroethylene, PTFE) at a weight ratio
of 75:15:5. Lithium metal was used as the counter and
reference electrodes. The electrolyte was LiPFe¢ (1M) in
a mixture of ethylene carbonate (EC), dimethyl car-
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bonate (DMC), and ethyl methyl carbonate (EMC) with
a weight ratio of 1:1:1. All procedures for handling and
fabricating the electrochemical cells were performed in
an argon-filled glove box. The test cells were galvanos-
tatic cycled between 4.3 and 2.0V vs Li at a current
density of 60mA/g.

3. RESULT AND DISCUSSION

3.1 Structures and Morphologies Analysis
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Fig. 1-XRD patterns of nanostructured monoclinic LisMnOs
prepared at 200°C with the precursor MnSQO4, KMnOs, and LiOH
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Fig. 2 —-TEM images of the as-prepared layered LisMnOs;
powders

XRD patterns of hydrothermal products are shown
in Fig. 1. All peaks of pattern can be indexed as mono-
clinic Li2MnOs structure with a space group of C2/m
phase, which structure is the same as that of R3m
layered rock-salt structures and none impurity phases
were detectable in the products. Well-developed peaks
in all synthesized materials at 26 =64.5°and
65.5%corresponds (1 3 5) and (0 6 0) directions clearly
remained, which indicated the degree of development of
the monoclinic structure of Li2MnOs.

By adding LiOH into mixed solution of MnSO4 and
KMnOs, a precipitate of Mn(OH)z was formed immedi-
ately. The precursor KMnO4 was employed to oxidize
Mn (OH)z2, and the reaction route involving adding
oxidant before lithiation is as follows:

MnSO0s + LiOH — Mn(OH)2 1)
Mn(OH)z + KMnOs — MnOOH ©)

LiOH was the source of lithium ion in preparation of
lithium manganese oxide and also affected the pH value.
With lower content of LiOH, MnOOH was further oxi-
dized and formed into Li2MnOs phase, with manganese
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value at +4. It can be summarized as follows:
MnOOH + LiOH — LizsMnO3s 3)

Investigation showed that the ratio of
MnSO4/KMnO4 and the LiOH concentration were two
key factors influencing the final product phase. In the
hydrothermal system, Mn2* in MnSO4 was oxidized by
KMnO4 inevitablely, therefore the proportion of
MnSO4/KMnO4 was important in decision of the value
of Mn in production. On the other hand, the concentra-
tion of LiOH plays two important roles in the process,
as the Li ion source to form orthorhombic Li-Mn-O by
intercalation and as a reagent to regulate the pH value
because the oxidbillity of KMnO4 has significant impact
on the pH value of the solution.

Typical TEM micrographs of Li2MnOs powder are
shown in Fig.2. The final particle morphology is the
mixture of nanorods and nanocube, with the size about
10 to 50nm. The high resolution transmission electron
microscopy (HRTEM) imaging shows that the produc-
tion is well crystallized.

3.2 Electrochemical Properties
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Fig. 3 - Cycling performance of as prepared Liz2MnOs tested at
current density of 60mAg! between 4.3V and 2.0 at room
temperature.

The electrochemical performance of LiaMnOs can be
seen in Fig.3. The initial specific discharge capacity was
243 mAh « gl. It is well-known that the stoichiometric
Li2MnO3s material commonly shows no electrochemical
reaction in 4.5~2.0V [12,13], because its charge balance
can be expressed as Li?Mn‘”Og’-It was reported that

when LisMnOs electrodes are initially charged to a high
potential, typically >4.5 V vs.Li?, lithia (Li20) is extract-
ed from the LioMnOs component in a combined electro-
chemical process (lithium removal) and chemical process
(oxygen loss) before electrolyte oxidation [12], and on
discharge, it is possible to reinsert lithium ion before the
rocksalt LiMnOsg stoichiometry is reached [13]. In order
to electrochemically activate Li2MnQOs by removing LizO
from the structure, it is necessary to charge Li/Li2MnO3
cells to a high potential, typically >4.5 V [14-16]. A more
reasonable explanation has been advanced by Dahn et
al. based on oxygen loss [17, 18]. The extra capacity to
deliver Li could have important contribution for use of
lithium manganese oxides in rechargeable lithium bat-
teries. It was noted that on the initial charge to 4.5V,
only 20 mAh/g could be extracted from the LizMnOs
electrode. By charging to 5.0 V, a capacity equivalent to
383 mAh/g was obtained [13].
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In our test, the Li2MnO3s shows large specific capacity
between 4.3 and 2.0V. This is attributed to the vicinity of
the surface, or shallow reaction depth [19] (<50 nm) of
the nanosized LizMnOs. With nano-structured particle
size, the specific surface of cathode particles was accord-
ingly enlarged, leading to more Li2MnOs exposed to the
electrolyte, then making it easier for Li2O extracted from
the Li2MnOs component. As a result, the surface electro-
chemical reactivity between electrolyte and electrode
materials was greatly improved, finally improving the
electrochemical properties [20].

By charging to 4.3 V, a charge capacity of 323
mAh/g was obtained. This corresponds to 70% of the
theoretical value of LiaMnOs3 (459 mAh/g) when all the
lithium ions are extracted. Complete removal of Li2O
from the LiaMnOs rocksalt structure leads to the for-
mation of MnQO:. However, on discharge, it is possible
to reinsert only one lithium ion before stoichiometric
rocksalt LiMnO:z is formed. Therefore, the initial
charge/discharge reaction of Li2MnOs cells can only be
75% coulombically efficient. With cycling, the efficient
increased to 85% after 20cycles.
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4. CONCLUSIONS

Nanostructred LisMnOs was successfully prepared
via one-pot hydrothermal reaction using MnSQO4 H:z0,
KMnO4 and LiOH aqueous solution as the precursor at a
low temperature at 200 ‘C. The cathode materials was
tested between general 4.3 and 2.0V voltage window,
and shows good electrochemical properties in rechargea-
ble lithium batteries with the initial discharge capacity
of 242 mAh « g'l. The excellent electrochemical perfor-
mances of as-obtained Lia2MnOs nanoparticles indicated
their promising future for application as cathode materi-
als in lithium-ion batteries.
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